An optimization program is employed to design the inter-digital transducer (IDT) structure of the surface acoustic wave (SAW) transducer to aim at improvement in the transducer characteristics and to improve the frequency response of SAW filter. In this paper, Genetic algorithm is used to optimize the response of a SAW filter. Then, the comparison of the response of SAW filter is done by using GA and without GA. The goal of optimization is to find best value for each variable in order to achieve minima or maxima of an objective function within the given constraints. In present study, three design variables of SAW filter i.e. number of finger pairs in input IDT (Np 1 ), number of finger pairs in `output IDT (Np 2 ), center to center distance between two electrodes in a finger pair (d), are optimized. After getting the optimized parameters of SAW filter, the frequency response of bandpass SAW filter is obtained, which is better as compared to the frequency response of SAW filter getting from other methods in terms of bandwidth and ripples amplitude.
INTRODUCTION
Surface Acoustic Wave (SAW) devices have been used since the early 1990s as critical components in many radio frequency (RF) transmitters and receivers due to their small size, efficient operation, and excellent performance characteristics [13] . Inter-digital Transducer (IDT) is a comb-shaped structure fabricated over the piezoelectric substrate. When the sinusoidal voltage is applied to the input IDT then comb shape of electrode in IDT sets up electric field along the surface of the crystal. Change in electric field cause the crystal to expand and contract [16] . A voltage applied to the IDT produces dynamic strains in the substrate and initiates elastic waves that travel along the surface. Only the frequencies with a whole no. of wavelength between the teeth of each comb will propagate across the comb fingers. Other frequencies will be diminished because of destructive interference, which results in filter [12] . The frequency response characteristics of SAW filters are governed primarily by their geometrical structures, namely, the configurations of InterDigital Transducers (IDTs) and Shorted Metal Strip Array (SMSA) reflectors fabricated on piezoelectric substrates. Therefore, in order to obtain desirable frequency response characteristics with SAW filters, we have to decide their suitable structure. For realizing a desirable bandpass filter, several computer-aided design approaches have been reported in the literature [12] . However, even if the structural design of SAW filters is formulated as an optimization problem [14, 15] most design techniques have relied on local optimization methods. For example, a common design technique based on the delta-function model of IDT employed an iterative algorithm to yield an optimum SAW filter. We also applied a local search to the optimum design problem of a resonator type SAW filter [10] , where we used the least equivalent circuit model of IDT. Unfortunately, we could rarely obtain a globally optimal or near-optimal structure of the SAW filter only by the local search, because the local optimization method doesn't have the ability to survey a vast region of the search space [8, 9, 11] . In gradient based methods typically used in optimization, the final result can depend strongly on the initial guess of the parameters. Furthermore, the gradient method can converge to a local minimum, and often there is no way of determining whether the solution is the global minimum or not, or how good the quality of the final solution is compared to the global minimum. Performing several optimization runs with different points can help in finding a better solution, but this kind of manual iteration is often time-consuming. Stochastic optimization methods, such as Evolutionary Algorithms (EAs) [1], Genetic Algorithms (GAs) [5] depend on randomness in the search process. The algorithms aim at searching over the whole population space, starting from a random situation and converging towards the global minimum. Each iteration step is based on the solutions created in the previous step, but the method of proceeding from one step to the next is in some way arbitrary. The random element increases the probability of finding the global minimum. Even though there is no guarantee of converging to the global minimum, the final solution is not dependent on the initial guess of parameters. Therefore, the problem of converging to a low-quality local optimum near the starting point of the optimization process, often associated with gradient optimization methods, can be overcome [1] . Genetic optimization has been previously studied in the context of transducer optimization [5] . In this paper, the Genetic algorithm is applied to optimize the response of a SAW filter. In this paper, a comparison between the response of SAW filter without GA and the response using GA is given.
GENETIC ALGORITHM

Overview:
We can use the concept of natural evolution to solve problems in the computer. Possible solutions make up the population and better solutions, equivalent to fitter organisms in nature, are more likely to reproduce and pass on their genetic information to the next generation. Over time we could expect that good solutions are evolved just as organisms have evolved in nature [3] . To solve a problem using genetic algorithms, otherwise known as evolutionary computing, we need the following:
1. A system of encoding the possible solutions or chromosome structure. 2. An initial population of solutions. 3. A function to evaluate the solution fitness. 4. A method of selecting solutions to be used to produce new solutions. 5. Recombination and Mutation operators to create new solutions from those existing.
In order to find desirable SAW filters" structures, the design of them is formulated as an optimization Problem. The GA algorithm process is discussed through the GA flow chart in Fig. 1 . Through the evaluation of objective function, individual quality is assessed. Mutation is performed to one individual to produce a new version of it where some of original genetic material has been randomly changed. Selection process help to decide which individuals are to be used for reproduction and mutation in order to produce new search points.
GA used in optimization:
In this paper, we think about an optimal configuration of a three-IDT type SAW filter in Fig. 2 . The SAW filter consists of five components: one receiver IDT (IDT-I), two transmitter IDTs (IDT-2) and two reflectors realized by shorted metal strip arrays (SMSA). Each IDT comprises some pairs of electrodes which are sometimes called fingers, while SMSA has numerous metal strips connected electrically in parallel. These components of the SAW filter are arranged bilateral symmetry on a piezoelectric substrate [8] . After this, we define the objective function of the optimization problem.
PROBLEM FORMULATION
We formulate the optimum design of the SAW filter mathematically. Let F be the feasible region of solutions, namely a whole set of possible design parameters constrained by lower bound and upper bound. For minimizing the objective function "y ab ", the structural design of the SAW filter is expressed as an optimization problem as follows. F is a set of three design variables (Np1, Np2, d) which are taken to optimize the response of SAW filter.
The desirable filter characteristics of the SAW filter is specified by the transfer admittance, y ab , where the values of "y ab " depend on three design variables viz Np1, Np2 and d. Therefore, considering all criteria related to transfer admittance for the SAW filter, the objective function yab is defined as follows: Here the response of SAW filter is compared by using GA and without GA. Also the response of SAW filter for different generations using GA is shown. Then, we took no. of generation=100 
SIMULATION RESULTS & COMPARISON
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It is clear from the above comparison that response of SAW filter using Genetic Algorithm is better than the response obtained without using GA .In first experiment we take no. of generation = 10 ,Then we have increased the no. of generations and compare the results of each generation. In each generation, we randomly generate a range of value of each parameter viz. NP1, NP2 and d. After analysis, we found that frequency responses of SAW filter using GA are better as compared to response without GA. With the increase in no. of generation in GA, the response is improving but computation time increase with increase in generation, so we should put an eye on number of generations also. After analysis, we found that frequency responses of SAW filter using GA are better as compared to response without GA.
CONCLUSION & FUTURE DIRECTIONS
In the presented method of optimization of frequency response of SAW filter using genetic algorithm, the bandwidth is improved, the number and amplitude of ripples is reduced as compared to other method of optimization. The experimental results clearly indicate that GA gives better results as compared to results obtained without GA. It is effective to use the optimization program to design the IDT structure of the SAW transducer to aim at improvement in the transducer characteristics and to improve the frequency response of SAW filter.
Future work on the optimization of frequency response of SAW filter could be carried out by developing another objective function. Particle swarm optimization (PSO) algorithm can be used for optimization of frequency response of SAW filter. Another possibility for future work is to develop a GA based GUI for designing and optimizing SAW filter. 
REFERENCES
[
